The main study objective was to compare different methods for assessing mold exposure in conjunction with an epidemiologic study on the development of children's asthma. Homes of 184 children were assessed for mold by visual observations and dust sampling at child's age 1 (Year 1). Similar assessment supplemented with air sampling was conducted in Year 7. Samples were analyzed for endotoxin, (1-3)-β-D-glucan, and fungal spores. The Mold Specific Quantitative Polymerase Chain Reaction assay was used to analyze 36 mold species in dust samples, and the Environmental Relative Moldiness Index (ERMI) was calculated. Homes were categorized based on three criteria: 1) visible mold damage, 2) moldy odor, and 3) ERMI. Even for homes where families had not moved, Year 7 endotoxin and (1-3)-β-D-glucan exposures were significantly higher than those in Year 1 (p b 0.001), whereas no difference was seen for ERMI (p = 0.78). Microbial concentrations were not consistently associated with visible mold damage categories, but were consistently higher in homes with moldy odor and in homes that had high ERMI. Low correlations between results in air and dust samples indicate different types or durations of potential microbial exposures from dust vs. air. Future analysis will indicate which, if any, of the assessment methods is associated with the development of asthma.
Recent reviews and meta-analyses have concluded that sufficient epidemiological evidence is available from over 100 studies conducted in different countries and under different climatic conditions to show that the occupants of damp or moldy buildings are at increased risk of respiratory symptoms, respiratory infections, and exacerbation of asthma (IOM, 2004; Fisk et al., 2007; Antova et al., 2008; WHO Europe, 2009 ). However, associations between health outcomes and concentrations of microorganisms (fungal spores and bacteria) or microbial components (endotoxin, (1-3)-β-D-glucan and extracellular fungal polysaccharides) are inconsistent. Some studies have shown that increased concentrations of fungi (total or specific species) are associated with increased risk of respiratory health outcomes (Dharmage et al., 2001; Gent et al., 2002; Müller et al., 2002; Stark et al., 2003; Pettigrew et al., 2004; Matheson et al., 2005; Stark et al., 2005; Dales et al., 2006; Salo et al., 2006; Rosenbaum et al., in press) and some studies did not find such associations (Dales and Miller, 1999; Haverinen-Shaughnessy et al., 2007) . Additionally, previous investigations have revealed increased risk of adverse respiratory health outcomes associated with increased concentrations of (1-3)-β-D-glucan (Thorn and Rylander, 1998) or endotoxin (Park et al., 2001 (Park et al., , 2006 Dales et al., 2006) , but a protective effect has also been demonstrated for endotoxin and extracellular fungal polysaccharides (Douwes et al., 2006a) .
We have shown similar patterns of contradictory results between health outcomes and different exposure variables in our currently ongoing Cincinnati Childhood Allergy and Air Pollution Study (CCAAPS). The study was designed to assess the effects of diesel particles and environmental exposures to animal allergens, mold and pollen allergens on the development of children's atopy and asthma in a birth cohort of children of atopic parents . Exposure to visually observed mold contamination in Year 1 (at children's age one) was associated with increased recurrent wheezing and rhinitis at age one Cho et al., 2006a; Iossifova et al., 2007) as well as with increased recurrent wheezing and increased risk of having a positive asthma predictive index at age three . In contrast, early exposure to high level of fungal (1-3)-β-Dglucan and high endotoxin exposure in the presence of multiple dogs were associated with decreased risk of recurrent wheeze, allergen sensitization, and positive asthma predictive index (Campo et al., 2006; Iossifova et al., 2007 Iossifova et al., , 2009 . Only visual observation of mold and water damage and dust sampling were included in the Year 1 home evaluations. Air sampling was conducted in homes of a subgroup of children as part of a nested matched case-control study (atopic children and controls matched on birth date within one month) at child's average age of 1.7 years (Osborne et al., 2006) . Some fungal types were associated with increased allergen sensitization and rhinitis while some with decreased allergen sensitization. Another set of homes (n = 271) was included from CCAAPS in a study that resulted in the development of an environmental relative moldiness index (ERMI) based on the mold specific quantitative polymerase chain reaction assay (MQPCR) of 36 mold species (Vesper et al., 2007a) . Higher ERMI-values were associated with increased risk of wheeze and rhinitis at children's age one (Vesper et al., 2007a) .
As different microbial components may affect the health outcomes in opposite directions and the association may also depend on the timing of the exposure, it is important to understand temporal variations and associations between different microbial exposures. The present study was conducted in a CCAAPS subgroup of 184 children at the child's age of seven (henceforth referred to as Year 7 evaluation). The study objective was to investigate the associations between visually observed mold damage and several quantitatively assessed exposure variables. In addition to the variables included in the Year 1 assessment (visually observed mold damage, ERMI, and concentrations of endotoxin and (1-3)-β-D-glucan in dust samples) airborne concentrations of endotoxin, (1-3)-β-D-glucan and fungal spores were also measured.
Material and methods

Recruitment of homes
Initial home evaluation in Year 1was completed in 777 dwellings of infants participating in the CCAAPS, a birth cohort study. Infants born in Cincinnati and Northern Kentucky between 2001 and 2003 were recruited using birth certificate data . Eligibility for the study required that at least one parent was atopic, which was determined by positive skin prick test (SPT) response (wheal ≥ 3 mm) to at least one of 15 common aeroallergens. In addition, all birth record addresses of participating children must have been within 400 m of a major road or greater than 1500 m of a major road. Children enrolled in the CCAAPS cohort completed clinical evaluations at ages one, two, three, four, and seven.
Homes for the Year 7 home evaluation were selected among 577 dwellings that had a home assessment completed at age one and child's clinical evaluation completed at age 4. The age four clinical evaluation was selected as this was completed at time of study initiation, and therefore compliance and participation rate was known through this period. The group of 577 children was divided into eight 3-month subgroups, based on the child's date of birth in order to match the time of home evaluation with child's age 7 clinic visit. A balanced selection was then conducted for every 3-month subgroup based on the exposure criterion and the race of the child. For every home that contained some form of damage (visible mold, moldy odor, water damage or history of water damage), we randomly selected a home with no reported mold or water damage within the same age group. Altogether 220 recruitment letters were sent to families. Home evaluation was completed in 185 (84%) homes; one home had an incomplete set of environmental samples, eight families refused, six had moved out of the area, and we were unable to contact 21 families despite multiple attempts. The children were on average 6.9 ± 0.3 years old at the time of the home evaluation. Parents signed an informed consent form approved by the Institutional Review Board at the University of Cincinnati.
Home visit and sample collection
Questionnaire survey, visual assessment, and dust sampling were conducted both at Year 1 and Year 7 visits. During the home evaluation, a questionnaire was administered to a parent and included questions about water damage history, presence of pets, number of people living in the home, and past address history noting dates the family had moved. Following a checklist, each room including the basement, was visually inspected for signs of mold or water damage. Location of damage, changes in the color and integrity of the surface material and the size of damaged surface were recorded. For each room, a moldy odor observation was also recorded (Cho et al., 2006b) .
The home visits were conducted by trained two-person teams and the moldy odor was assessed mainly by five different team members. In order to compare the sense of smell between the five team members, a commercially available test for odor threshold was conducted (OLFACT-RL, Osmic Enterprices, Inc., Cincinnati, OH). The test consists of comparing blank (no odor) with thirteen concentrations of an industry standard odorant, butanol. The odor threshold of team members varied from 9.0 to 9.8 on a scale from 0 (highest concentration) to 12 (lowest concentration). Compared to the national average of 8.0 for the age range of 18-59 years (Hastings and Bailey, 2006) (Cho et al., 2006b ). Similar categorization was done based on the visual assessment in Year 7. In addition, a new two-level categorization (moldy odor yes/no) was developed based on the analysis of exposure data using the Principal Component analysis as described below. House dust samples were collected from the child's primary activity room as described earlier (Cho et al., 2006b ). Briefly, a 2 m 2 area of floor surface was vacuumed using a Filter Queen Majestic vacuum cleaner (Health-Mor; HMI Industries Inc., Seven Hills, OH) at a rate of 2 min/m 2 . Samples were desiccated, filtered through a 355-μm screens (W.S. Tyler, Mentor, OH), which were thoroughly cleaned. The screens were first rinsed with distilled water, then with 5% (vol.) bleach solution and wiped with 70% ethanol. Bleach treatment was included to inactivate any remaining microbial DNA. Cleaned screens were heated in dry air oven at 180°C for 4 h to inactive any remaining endotoxin and (1-3)-β-D-glucan contamination. The mass of fine dust was measured and the fine dust was aliquoted, and stored at −20°C. Air samples were collected during Year 7 assessment using Button Inhalable Aerosol Samplers (SKC, Inc., Eighty-Four, PA) at a flow rate of 4.0 ± 0.2 L min− 1 . The air flow was calibrated using a DryCal DC-Lite calibrator (Bios International Corp., Butler, NJ). The stationary air sampling was conducted for 24 hours on the day immediately before the dust sampling in the child's primary activity room. The sampler collected inhalable particles onto a 25 mm polycarbonate membrane filter with a pore size of 3 μm (GE Osmonics, Inc., Minnetonka, MN). After sampling, particles were extracted from filters in pyrogen free water (Associates of Cape Cod Inc., East Falmouth, MA) containing 0.05% Tween 80 by vortexing for 1 min and keeping in an ultrasonic bath for 15 min. Suspensions were aliquoted and stored at −20°C until analysis. Before the air sampling, the Button samplers and filters were thoroughly cleaned. All parts of the Button sampler, except the o-rings, were cleaned similarly as the screens used for sieving the dust. As the O-rings do not withstand high heat, their heat treatment was replaced with rinsing with pyrogen free water. As initial testing showed inconsistent background endotoxin and (1-3)-β-D-glucan contamination in the air sampling filters, the filters were cleaned following the same protocol that was used for the filter extraction, including 1-min vortexing and 15-min agitation in an ultrasonic bath. After this, the filter was rinsed twice with pyrogen free water and air-dried. All the handling of cleaned items, including the loading of the filter was done inside a class II biosafety hood.
Sample analysis
The air and dust samples were analyzed for endotoxin and (1-3)-β-D-glucan using the Limulus Amebocyte Lysate assay; Pyrochrome for endotoxin and Glucatell for (1-3)-β-D-glucan (LAL; Associates of Cape Cod Inc, Falmouth, MA) as described earlier (Campo et al., 2006; Iossifova et al., 2007 ). An aliquot of 0.5 mL of the air sample extract and an aliquot of 25 mg of sieved dust were used for each analysis. The samples were spiked with endotoxin standard of 0.50 EU/ml and (1-3)-β-D-glucan standard of 50 pg/ml to assure that there was no inhibition or enhancement between the extract and the reagents.
Endotoxin concentrations in dust were expressed as endotoxin units per mg of dust (EU/mg); similarly, (1-3)-β-D-glucan concentrations in dust were expressed as μg/g. Airborne endotoxin concentrations were expressed as EU/m 3 , whereas airborne (1-3)-β-D-glucan concentrations were expressed as ng/m 3 . The lower detection limit (LOD) for endotoxin was 0.053 EU/ml, which corresponded to detection limit of 0.002 EU/mg for dust samples and 0.046 EU/m 3 for air samples. The respective LODs for (1-3)-β-D-glucan were 2.53 pg/ml, 0.0001 μg/g, and 0.004 ng/m 3 . The concentrations in all measured dust samples were above the LODs. Airborne endotoxin and (1-3)-β-D-glucan concentrations were below the LOD in five and two samples, respectively. Half of the detection limit was used for these samples in the data analysis. Among Year 1 dust samples, three did not have sufficient amount of dust to complete all the analysis. For the analysis of fungal spores, 2 ml of air sample extract was filtered through a 13 mm diameter membrane of mixed cellulose ester (MCE) filter and made transparent by treating with acetone vapor as described by Adhikari et al. (2003) . Fungal spores were counted using a bright light microscope (Labophot 2, Nikon Corp., Japan) at a magnification of 400× and the results were expressed as spores/m 3 . The detection limit was 6 spores/m 3 . Three samples had a value that was below the LOD and a value of 3 spores/m 3 was used for these homes. One fungal spore sample had excessive amount of other particles and the microscopic spore count could not be obtained.
The MQPCR was used to analyze 36 mold species in 5 mg aliquots of fine dust as previously described Meklin et al., 2004; Vesper et al., 2007b) . The detection limit for MQPCR analysis was 1 cell equivalent/5 mg of dust. The concentrations in all dust samples were above the detection limit. The ERMIvalue was calculated for each home, and homes were classified into two groups based on the ERMI: ≤ 5 = low and N5 = high mold burden (Vesper et al., 2007b) .
Media blanks analyzed in parallel with dust and air samples were below the detection limits of respective assays.
Statistical analysis
Data analysis was conducted using S-Plus (TIBCO Corp., Palo Alto, CA) and SAS for Windows, Version 9.2 (SAS Institute, Cary, NC). Histograms and quantile-quantile plots showed that the distribution of ERMI-values approximated normality; 5% trimmed means were tested for normality by the Kolmogorov-Smirnov test, and the p-values were 0.08 and 0.15 for years 1 and 7, respectively. Distributions of (1-3)-β-D-glucan, endotoxin, and fungal spore levels were log-normal. Thus, these data were log-transformed for analysis. Descriptive statistics including geometric means and 95% confidence intervals were calculated for (1-3)-β-D-glucan, endotoxin, and fungal spore concentrations, and arithmetic means and standard deviations were calculated for ERMI. The agreement between the Visible Damage Category of a subject's home at Years 1 and 7 was assessed by the weighted kappa statistic, using all subjects' homes, and only homes of subjects who had not moved between assessments. Differences between Years 1 and 7 in the mean concentrations dust endotoxin, dust (1-3)-β-D-glucan, and ERMI as well as in the number of occupants and dogs were tested by paired t-tests. Pearson product moment correlations were performed to evaluate the associations between Years 1 and 7 values of dust endotoxin, (1-3)-β-D-glucan, and ERMI. Analysis of variance (ANOVA) and post-hoc t-tests were performed to examine differences in concentrations of microbial contaminants between pairs of mold categories.
Principal component analysis (PCA) and analysis of variance (ANOVA) were employed to combine the exposure information described by the levels of dust and air in home samples at Year 7 and the corresponding home mold category at Year 7. The ANOVA analyzed the values of first principal component (First PC) scores for three sets of exposure variables. The First PC score is a projection of the multidimensional co-ordinates of all exposure variables into one dimension, and explains the largest percent of the variability of the higher dimensional data set, than any other linear combination of exposure variables. For each set of exposure variables, the loadings which describe the First PC were multiplied by the values of exposure variables of each home to determine the First PC Score for the home. Least squares mean values and 95% confidence intervals were obtained from the ANOVA of First PC scores, classified by visible mold categories of homes. A mold category with a higher mean has a higher average First PC score, which translates to a higher average exposure level, compared to other categories for the same set of exposure variables. Three sets of exposure variables were analyzed: (i) dust endotoxin, dust (1-3)-β-D-glucan, and ERMI; (ii) air endotoxin, air beta (1-3)-β-Dglucan, and airborne fungal spores; (iii) both combined.
Results
Tables 1 and 2 summarize mold exposure data for the 184 homes that were included in both Year 1 and Year 7 home assessments. The Visible Mold Damage Categories in Year 1 reflect good agreement with the target recruitment, which was 50% homes with no mold or water damage (Visible Damage Category 0) and 50% homes with some damage (Visible Damage Category 1 or 2) ( Table 1) . Even though 60% of the cohort had moved since the first evaluation, the number of homes in Visible Damage Category 2 at Year 1 (n = 20) was about the same at Year 7 (n = 19). There was, however, approximately twice the number of homes in Category 1 at Year 7 (n = 127) than at Year 1 (n = 65). The percents of homes that were classified in the same category at years 1 and 7 were 45% (82/184) for all homes and 38% (28/73) for homes of children that did not move. Weighted Kappa statistics showed slight agreement for classifications for all homes (Kappa = 0.14). Since the lower endpoint of the 95% confidence interval for kappa = 0.09 extended below zero, the data for homes of children who did not move are compatible with no agreement (Landis and Koch, 1977) . Table 2 presents geometric mean concentrations and 95% confidence intervals of dust and air samples at Years 1 and 7. Significantly higher levels were observed for dust endotoxin and dust (1-3)-β-D-glucan at Year 7 than Year 1, but there was no significant difference between ERMI mean values. Both the number of occupants and the number of dogs were significantly higher in Year 7 than in Year 1 (p b 0.001 for both).
When all the homes were included in the correlation analysis, statistically significant correlations between exposure values obtained in Year 1 and Year 7 were found for dust (1-3)-β-Dglucan and dust ERMI (Table 3 ). The respective correlation coefficients, however, were low: 0.16, and 0.28. When only homes where families had not moved (40%) were included, the correlation was stronger for ERMI (r = 0.34). Although the r-value remained about the same for dust (1-3)-β-D-glucan, the correlations lost significance due to smaller number of observations. No correlation was found for dust endotoxin values measured in Year 1 and Year 7.
Tables 4 and 5 present the correlations between the different microbial exposures measured in Year 1 and 7, respectively. In Year 1, no significant correlations were observed (Table 4) , whereas in Year 7, significant correlations were found between all the other pairs, except the one between airborne endotoxin and dust (1-3)-β-D-glucan (Table 5) . Strongest correlations were found between airborne endotoxin and airborne (1-3)-β-D-glucan (r = 0.50), between airborne (1-3)-β-D-glucan and airborne fungal spores (r = 0.46), and between airborne endotoxin and airborne fungal spores (r = 0.42). Interestingly, the correlations between dust and air results for endotoxin and (1-3)-β-D-glucan, although statistically significant, was only moderate (r = 0.34 for endotoxin 0.18 for (1-3)-β-Dglucan).
Year 7 data were investigated further by comparing the visual observation with the quantitative exposure values. Data based on the visual inspection showed that 10% of the homes were in the high mold category (Visible Mold Category 2) (Fig. 1) . No statistically significant differences or clear trends in the concentrations between the three Visible Mold Categories were found. Most of the homes (69%) belonged to Visible Mold Category 1. This category was divided into five subcategories: water damage history (n = 27), water damage observed (n = 42), low visible mold without moldy odor (n = 39), moldy odor with low visible mold (n = 6), and moldy odor without visible mold (n = 13). It was found that all the microbial exposures were highest in homes that had moldy odor, but this difference was not significant when tested for the seven mold categories (Visible Damage Categories 0, 2 and five levels of Category 1 specified above). From the PCA analyses (Table 6 ), all of the three different combinations of exposure variables (both air and dust variables, dust only, air only) showed highest mean values for the two mold categories that included moldy odor. This finding indicates that homes that had moldy odor also had the highest concentrations of the measured microbial contaminants. The percents of variation explained by the First PC of exposure variables were 39%, 46% and 63% for air and dust, only dust, and only air variables, respectively. The highest % of explained variability was for the PCA that included air variables only, indicating that moldy odor may be more strongly associated with the concentrations of airborne contaminants than with the concentrations measured in dust samples. Table 7 shows the loadings associated with each exposure variable in sets of exposure variables included in the PCA analyses.
There were six homes in the original Visible Damage Category 2 that also had moldy odor. Thus, altogether 25 homes (14%) had moldy odor (with or without visible mold and water damage). When the homes were re-categorized into two groups based on moldy odor only (Moldy Odor Yes or No), all the results on dust and air sampling were higher in the homes that had moldy odor than in homes without moldy odor (Fig. 2) . This difference was statistically significant for ERMI-values and the airborne concentrations of endotoxin and (1-3)-β-D-glucan.
When an ERMI-index above five was used as the criterion, 26% of the homes belonged to the category of high mold burden (Fig. 3) . All the results from dust and air sampling were higher in the high ERMI category than in the low ERMI category, and this difference was statistically significant for airborne fungal spores.
Discussion
Microbial concentrations measured in this study can be compared with those we have obtained in three previous studies using the same sampling and analysis methods Crawford et al., 2009; Adhikari et al., 2010) . The geometric mean concentrations of endotoxin and (1-3)-β-D-glucan in the current study were about the same as those measured by our group in the three earlier studies. Fungal spore concentrations in the current study and in the study by Crawford et al. (2009) were clearly lower than in the studies which included severely mold contaminated homes Adhikari et al., 2010) . Comparison to studies conducted by other research groups on endotoxin and (1-3)-β-D-glucan and fungal spore concentrations in dust and air samples is difficult due to differing extraction and analytical methods.
Exposure measured in Year 7 appears to be very different from the exposure in Year 1, even for families that did not move. The most stable exposures were measured for ERMI, which did not differ significantly between Years 1 and 7 and had the highest correlations between the results in Year 1 and 7. To our knowledge, the temporal variation of multiple microbial exposures has previously been investigated only in a few studies. Chew et al. (2001) measured fungal extracellular polysaccharides, (1-3)-β-D-glucans and culturable fungi in house dust in 23 Dutch homes six times during an eightmonth period. They reported that the results from the first sampling were not significantly different from the other five for any of the measured fungal agents. Our results are in line with those reported by Matheson et al. (2003 Matheson et al. ( , 2005 who did not find any correlation between ergosterol concentrations in dust or between concentrations of airborne fungal spores measured two years apart in 360 Australian homes.
Concentrations of dust endotoxin and (1-3)-β-D-glucan were found to be significantly higher in Year 7 than in Year 1, whereas ERMI did not differ between these two time points. Endotoxin is a measure of Gram-negative bacterial exposure, so its concentration in the dust is not necessarily associated with mold exposures. (1-3)-β-D-glucan is a cell wall component of fungi, but its content varies widely between different fungal species (Iossifova et al., 2008) . ERMI is an index based on concentrations of 36 fungal species and is calculated by deducting the concentrations of common outdoor fungi from the concentrations of fungi that are common in water-damaged buildings (Vesper et al., 2007b) . The Table 5 Correlation coefficients and p-values (in parentheses) for Year 7 exposure data for 184 homes.
Dust Endotoxin
Dust ( increase in endotoxin and (1-3)-β-D-glucan may partially be explained by the higher number of occupants and dogs in Year 7 compared to Year 1. Presence of pets and increased number of occupants have been shown to increase dust endotoxin and (1-3)-β-D-glucan concentrations, partially because pets and people are one of the original sources for endotoxin in homes and partially because their activities can increase the outdoor-indoor transport of microbial contaminants originating from soil (Gehring et al., Fig. 1 . Dust borne endotoxin, dust borne (1-3)-β-D-glucan, ERMI, airborne endotoxin, airborne (1-3)-β-D-glucan, and airborne fungal spores in homes divided into three levels of visible mold damage: no mold (n = 38), low mold (n = 127) and high mold n = 19). Histograms show geometric means, except arithmetic mean for ERMI, and error bars show 95% confidence intervals. 2001; Bischof et al., 2002; Thorne et al., 2009) . ERMI is designed so that the effect of common outdoor fungi is minimized. Therefore, it is not surprising that ERMI behaves differently than endotoxin and β-glucan. When ERMI was used as the mold classification criterion, a larger fraction of homes belonged to the high mold category (26%), as opposed to the original Visible Mold Damage Criterion (11%) or the new 2-level criterion based on moldy odor (14%). This supports the previous findings that some of the mold contamination may be missed by the mere visual inspection (Haverinen-Shaughnessy et al., 2008) . Various technical monitoring tools, such as moisture meters, and opening of structures can give additional information on the status of the moisture damage in a building (HaverinenShaughnessy et al., 2008) . This finding is consistent with results of a national study of US homes which demonstrated that about 50% of the time neither the home occupants suspected nor the mold inspector detected the mold problem in high ERMI (N5) homes (Vesper et al., 2009) . Concentrations of endotoxin, (1-3)-β-Dglucan, and fungal spores showed inconsistent trends with the original Visible Mold Damage Categories; however, these concentrations were consistently higher in the high ERMI category compared to low ERMI. Furthermore, the PCA revealed that homes that had moldy odor also had the highest concentrations of the measured microbial contaminants. Even though moldy odor is common in water damaged buildings only a few studies have reported results on moldy odor. Roussel et al. (2008) reported that dampness odor was associated with increased concentration of airborne Aspergillus, Penicillium, and Cladosporium fungi. Cai et al. (2009) found higher total fungal DNA in dust in rooms that had reported dampness and odor, but did not find any association with observed dampness. Hägerhed-Engman et al. (2009) reported that odor (moldy/earthly/unpleasant/stuffy odor) in the home was associated with asthma, rhinitis and eczema symptoms in children. Thus, moldy odor appears to be an important indicator for indoor air quality in homes. Major moisture damage, such as the flooding in New Orleans after hurricanes Katrina and Rita has been shown to increase microbial concentrations in indoor air and dust samples (Solomon et al., 2006; Chew et al., 2006; Rao et al., 2007) . This association is unclear in less severely damaged homes. Some studies have reported associations between visible mold damage and the concentration of airborne viable fungi and bacteria (Miller et al., 2000; Gent et al., 2002; Hyvärinen et al., 2006) and the concentrations of several microbial species in house dust determined by PCR (Lingnell et al., 2008) . Borderline significant association have been reported between visible damage and the concentrations of (1-3)-β-D-glucan, endotoxin and 3-hydroxy fatty acids (chemical marker for gram-negative bacteria) in house dust (Douwes et al., 2006b; Hyvärinen et al., 2006; Bischof et al., 2002) . Several studies, however, have found no association between visible mold and airborne or dustborne fungal levels (Ren et al., 2001; Müller et al., 2002; Chew et al., 2003; Stark et al., 2003) . This lack of association partially explains why visible mold damage has been more clearly associated with adverse respiratory health effects than microbial concentrations and indicates that many traditional methods of measuring molds and other microorganisms are inadequate to detect mold contamination (WHO Europe, 2009) .
Previous studies have shown varying levels of correlations between various microbial concentrations. Correlations have been reported between dust endotoxin, dust (1-3)-β-D-glucan, and culturable fungi in dust (Gehring et al., 2001; Chew et al., 2001; Douwes et al., 2006ab; Park et al., 2006) . Using the same method of long-term air sampling as in the current study, Lee et al. (2006) found a positive correlation (r = 0.53) between airborne (1-3)-β-Dglucan and airborne fungal spore count. Similarly, Adhikari et al. (2010) reported positive correlations between endotoxin and (1-3)-β-D-glucan in dust (r=0.55) and in long-term air samples (r = 0.70). In the current study, among the correlations between the six different measures of microbial contamination, strongest were between the three airborne contaminants-endotoxin, (1-3)-β-D-glucan, and fungal spores-with correlation coefficients ranging from 0.42 to 0.50. The correlations between the three dust contaminants-endotoxin, (1-3)-β-D-glucan, and ERMI-were below 0.22. Weak correlations were also found between dust and air results for endotoxin and (1-3)-β-D-glucan (r b 0.34). Similar to our results, Park et al. (2000) and Chew et al. (2003) found only weak correlations between airborne and dustborne microbial concentrations. These results indicate that dust and air samples give different exposure information. A large portion of contaminants in dust are likely brought into the home through floor trafficking, and may never become aerosolized. On the other hand, dust sample may better reflect long-term exposure than the 24-hour air sampling. The strong correlation between the three different air contaminants observed in the current study is likely due to common factors that affect the aerosolization of these contaminants. For example human activity has been shown to increase fungal spore concentrations (Buttner and Stetzenbach, 1993) and is expected to re-suspend also endotoxin and (1-3)-β-D-glucan.
Conclusions
Our findings will aid in the future analysis on the association between asthma development in children and mold exposure obtained through the different assessment methods. This study shows very different levels of microbial exposures in Year 7 compared to Year 1. Therefore, it seems appropriate to differentiate the associations between the health outcomes and microbial exposures in early versus later in life. Moldy odor appears to be an important home characteristic that should be included in the health outcome assessment. Among the three different mold categorization methods (visible damage, moldy odor, ERMI), ERMI showed highest number of homes in the high mold category. This supports the previous findings that some of the mold contamination may be missed by mere inspection. Low correlation between results in air and dust samples indicates different types of potential microbial exposures from these two sources. On the other hand, the three measured airborne contaminants were highly correlated suggesting that common factors affect aerosolization. Future analysis will indicate which, if any, of the exposure values obtained with the different assessment methods are associated with the development of asthma or atopy.
